Rapid morphologic plasticity of peri-infarct dendritic spines after focal ischemic stroke.
Focal stroke is associated with cell death, abnormal synaptic activity, and neurologic impairments. Given that many of these neuropathologic processes can be attributed to events that occur shortly after injury, it is necessary to understand how stroke affects the structure of neurons in surviving peri-infarct regions, particularly at the level of the dendritic spines, which transmit normal and potentially abnormal and injurious synaptic signaling. Recently, we described ischemia-induced changes in the structure of layer 1 dendritic tufts of transgenic mice expressing YFP in layer 5 cortical neurons. However, these in vivo imaging experiments could not address ischemia-related phenomena that occur in deeper cortical structures/layers, other cortical regions, or submicron changes in dendritic spine structure. Focal stroke was induced in the forelimb sensorimotor cortex by the photothrombotic method. Two, 6, and 24 hours after stroke, brains were processed for Golgi-Cox staining to permit a detailed analysis of primary apical dendritic spine structure from layer 2/3 and 5 cortical pyramidal neurons. Photothrombotic stroke caused a rapid deterioration of neurons, as revealed by Golgi-Cox labeling, in the infarct core that could be readily distinguished from surviving peri-infarct regions. Analysis of >15,000 dendritic spines revealed that although many spines were lost in the peri-infarct cortex during the first 24 hours after stroke (approximately 38% lost), spines that remained were significantly longer (approximately 25% at 6 hours). Furthermore, these effects were found in both layer 2/3 and 5 neurons and were restricted primarily to peri-infarct regions (<200 mum from the infarct border). These rapid changes in dendritic spine number and length may reflect an early adaptive response of potentially vulnerable peri-infarct neurons coping with postischemic spreading depression-like depolarizations and the loss of presynaptic contacts.